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Resistivity measurements have been performed on a low (LR)- and high (HR)-resistance variant 
of the «:-(BEDT-TTF)2Cu[N(CN)2]Br superconductor. While the HR sample was synthesized fol- 
lowing the standard procedure, the LR crystal is a result of a somewhat modified synthesis route. 
According to their residual resistivities and residual resistivity ratios, the LR crystal is of distinctly 
superior quality. He-gas pressure was used to study the effect of hydrostatic pressure on the dif- 
ferent transport regimes for both variants. The main results of these comparative investigations 
are (i) a significant part of the inelastic-scattering contribution, which causes the anomalous p{T) 
maximum in standard HR crystals around 90 K, is sample dependent, i.e. extrinsic in nature, (ii) 
the abrupt change in p{T) at T* « 40 K from a strongly temperature-dependent behavior at T > 
T* to an only weakly T-dependent p{T) at T < T* is unaffected by this scattering contribution and 
thus marks an independent property, most likely a second-order phase transition, (iii) both variants 
reveal a p(T) oc AT^ dependence at low temperatures, i.e. for Tc < T < To, although with strongly 
sample-dependent coefficients A and upper bounds for the T'^ behavior measured by To . The latter 
result is inconsistent with the T^ dependence originating from coherent Fermi-liquid excitations. 



PACS numbers: 72.15.Eb, 72.80.-r, 72.80.Le, 74.70.Kn 

I. INTRODUCTION 

Organic charge-transfer-salts, based on the electron- 
donor molecule BEDT-TTF (bisethylenedithiotetra- 
thiafulvalene) — or simply ET — form layered struc- 
tures consisting of alternating sheets of conducting 
(ET)J cations and insulating anions X^. Within this 
class of materials, the K-phase (ET)2X salts with X — 
Cu[N(CN)2]Cl, Cu[N(CN)2]Br and Cu(NCS)2 are of par- 
ticular interest due to the variety of electronic phases en- 
countered as a function of hydrostatic pressure or anion 
substitution. According to the conceptual phase diagram 
proposed by Kanoda, the ground state of the system is 
controlled by the parameter W/Ue//, i.e., the width of 
the conduction band W relative to the effective on-site 
Coulomb repulsion Ue//, a ratio which can be changed 
by hydrostatic pressure or chemical substitutionsi. This 
conceptual phase diagram implies that the antiferromag- 
netic insulator X — Cu[N(CN)2]Cl and the correlated 
metal X = Cu[N(CN)2]Br lie on opposite sites of a 
bandwidth-controlled Mott-transition. The region across 



this metal-to-insulator transition has been explored in 
great detail by employing pressure studies of various 
magnetic-, transport^, and acoustio^ properties. These 
studies confirm earlier results^ which revealed that at a 
pressure of 300-400 bar, i.e., above the critical region of 
coexistence of insulating and metallic phases^, the X — 
Cu[N(CN)2]Cl salt shows the same highly unusual resis- 
tivity profile /o(T) as the Cu[N(CN)2]Br system at am- 
bient pressure^. Three distinct transport regimes have 
been identified^: (i) a semiconducting high-temperature 
range, (ii) a had metal behavior at intermediate tem- 
peratures with a strongly temperature-dependent p(T) 
and a pronounced maximum around 90 K that marks 
the crossover to regime (i), and (iii) a p oc AT^ be- 
havior at low temperatures preceding the superconduct- 
ing transition at Tc. Various explanations have been 
proposed for the different transport regimes. Sugges- 
tions for the anomalous resistance maximum include an 
order-disorder-transition of the ethylene endgroups of the 
ET molecules^iifliii and a crossover from localized small- 
polaron to coherent large polaron behavior—, see alsoi^ 
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for earlier arguments on the resistance anomaly. Alterna- 
tively, the "bad metal" regime (ii) together with the 
dependence at low temperatures have been linked to the 
strongly correlated nature of the electrons^'''^^. Within a 
dynamical mean- field (DMFT) approach, Merino et al.^^ 
predicted a smooth crossover from coherent Fermi-liquid 
excitations with p cx at low temperatures to incoher- 
ent {bad metal) excitations at higher temperatures. Us- 
ing such DMFT calculations for a simple Hubbard model, 
Limelette et ali^ recently attempted to provide even a 
quantitative account for the p{T) behavior of pressur- 
ized X — Cu[N(CN)2]Cl over an extended temperature 
range covering almost all three of the above-cited trans- 
port regimes (i)-(iii). 

It is fair to say, however, that despite the intensive 
efforts from both experimental and theoretical sides to 
explain the anomalous state above Tc, its nature still re- 
mains puzzling. In that respect, a deeper understanding 
of the unusual p(T) behavior would be of paramount im- 
portance given that the inelastic-scattering mechanism, 
which causes the electrical resistivity of a superconduc- 
tor above T,,, is usually identical to the relevant pairing 
interaction. 

In this paper, we report resistivity measurements on 
a low (LR)- and standard high(IIR)-resistance variant 
of the X — Cu[N(CN)2]Br superconductor. These com- 
parative studies, which include measurements under hy- 
drostatic pressure, disclose striking differences between 
both variants. Our results demonstrate that — in con- 
trast to conventional metals obeying Matthiessen's rule 
— extrinsic factors such as disorder, defects or impurities 
may strongly affect the inelastic scattering contribution 
in the present molecular conductors. 



II. EXPERIMENTAL 

The temperature dependence of the resistivity was 
measured by employing a standard four-terminal ac- 
technique operating at a frequency of 17 Hz. A maximum 
current of 10 ^A was used to avoid self-heating. The 
electrical contacts to the crystal were made by 25 /im Cu 
wires attached to the sample by graphite paste. Typi- 
cal contact resistances were < 10 fi. Owing to the large 
in-plane vs. out-of-plane resistivity anisotropy in these 
materials and the irregular shape of the crystals, an ac- 
curate determination of the in-plane resistivity p|| is very 
difficult, see e.gii^iiSiii. As pointed out in these refer- 
ences, those in-plane data derived from a standard mea- 
surement geometry with four contacts on the same face of 
the crystal, almost always contain a significant interlayer 
component p±. Thus, most reliable resistivity data, free 
of such mixing effects, can be obtained from out-of-plane 
measurements. To rule out errors which might originate 
in an inhomogeneous current flow in our four-terminal 
out-of-plane measurements, comparative investigations 
using a six-terminal conflguration were conducted and 
found to deviate by not more than 4 % at maximum. For 



the latter measurement geometry, the current had been 
fed through the crystal by two pairs of terminals (the 
outer two of three terminals) attached to opposite crys- 
tal surfaces assuring these surfaces to be equi-potential 
planes. These p± data enable even a quantitative com- 
parison with corresponding results on other crystals to be 
performed. For the in-plane measurements, py, the cur- 
rent contacts were placed on opposite end surfaces of the 
crystal. A He-gas-pressure technique was used to ensure 
hydrostatic pressure conditions. The measurements were 
performed at a low sweep rate of 0.1 K/min to guarantee 
thermal equilibrium. 

The HR single crystal of k(BEDT- 
TTF)2Cu[N(CN)2]Br was synthesized at the Argonne 
National Laboratory following the standard procedure 
as described elsewhere^^. The LR crystal was obtained 
by solving 60 mg BEDT-TTF, 80 mg tetraphenyl- 
phosphoniumdicyanamid (Ph4PN(CN)2) and 20 mg 
CuBr in a mixture of 80 ml tetrahydrofuran (THF) and 
20 ml ethylenglycol (EG). The solution was filled in a 
three-chamber electrolyte cell. The crystals were then 
grown at a current of 35 ^A and a voltage of 1.3 V 
applied over a period of 14 days. 



III. RESULTS 

Figure 1 shows resistivity profiles p(T) for the LR 
and HR K-(ET)2Cu[N(CN)2]Br single crystals at various 
pressures. The data have been normalized to their room- 
temperature values taken at ambient pressure. The fig- 
ure discloses striking differences in the charge transport 
for both variants: Instead of the semiconducting increase 
in p± at higher temperatures and the pronounced max- 
imum around 90 K that characterizes standard samples 
and is also present in the HR crystal studied here (Fig. 
Ic), the LR crystal (Fig. la) remains metallic below 300 
K. Rather its resistivity profile reveals a weak reduction 
upon cooling down to about 120 K, below which it starts 
to drop more rapidly. This shoulder near 100 K is likely 
to be a remnant of the resistivity hump in the HR sample. 
In fact, as can be seen in Fig. lb, a maximum around 
100 K shows up in the in-plane resistivity data for the 
LR crystal as well. For the resistivity anisotropy, p±/p\\, 
our measurements reveal a lower limit of about 100 at 
room temperature. 

Apart from these sample-dependent contributions, the 
p(T) data for both crystals exhibit a sharp dip at Tg = 
77 K. This anomaly has been assigned to a glass transi- 
tion associated with a freezing of orientational degrees of 
freedom of the ethylene endgroupsi2i2£. With increasing 
pressure, the out-of-plane resistivity for both crystals be- 
comes substantially reduced. This effect is most strongly 
pronounced at intermediate temperatures 40 K ^ T < 
200 K, with a relative reduction p~^Ap/Ap = p{T,po — 
0)-^[p{T,po) - p{T,p)]/{po - p) for p = 170 bar corre- 
sponding to about -(360 ± 20) %/kbar at 50 K and - (180 
± 15) %/kbar at 80 K for the HR crystal. A somewhat 
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FIG. 1: Temperature dependence of the resistivity of single 
crystalline K-(BEDT-TTF)2Cu[N(CN)2]Br at various hydro- 
static pressure values up to 2000 bar. Measurements were 
performed on the low-resistance (LR) crystal with current 
perpendicular (a) and parallel (b) to the highly conducting 
planes and for a standard high-resistance (HR) sample per- 
pendicular to the planes (c). 



smaller, though still very large, pressure response of 
-(250 ± 20) %/kbar (50 K) and -(120 ± 10) %/kbar (80 
K) is found for the LR crystal. At higher temperatures, 
i.e., T = 200 K and 250 K, the effect of pressure becomes 
substantially reduced reaching values of -(45 ± 5)%/kbar 
and -(35 ± 5) %/kbar, respectively, which is about the 
same for both crystals. 

Figure 2 shows the low-temperature out-of-planc resis- 
tivity data for both crystals on expanded scales. For the 
LR crystal (Fig. 2a), the midpoint (50 % point) of the 
resistivity drop at ambient pressure is at 12.2 K with a 
10-90 % width of only 0.2 K. With increasing pressure, 
the transition shifts to lower temperatures and broadens 
progressively. Using the midpoint as a measure of Tc, we 
find an initial pressure cocfhcient of dTc/dp|p^o = -(2.6 
± 0.2) K/kbar. These numbers have to be compared with 
Tc = 12.0 K, a 10-90 % width of 0.4 K and dT^/dplp^o 
= -(2.4 ± 0.2) K/kbar for the HR crystal (Fig. 2b). 
The pressure coefficient of Tc for both crystals is in ex- 
cellent agreement with the results of previous pressure 
studies yielding pressure coefficients of -2.4 K/kbar^ and 
-2.8 K/kbari 

Common to the data sets for the LR and HR crystals 
in Fig. 1 is the almost abrupt change in p{T) from a 



strongly temperature-dependent behavior at intermedi- 
ate temperatures to an only weakly temperature depen- 
dent p(T) at low temperatures. 




T(K) 

FIG. 3: Temperature derivative of the out-of-plane resistiv- 
ity data for the low (LR) (a)- and high (HR)(b)- resistance 
variants of «;-(BEDT-TTF)2Cu[N(CN)2]Br at various pres- 
sures. Arrows indicate the glass-transition temperature at Tg 
associated with frozen-in disorder of the ethylene endgroups. 

This becomes even more clear in Fig. 3 where the 
derivative dp_L/dT is plotted for the LR (Fig. 3a) and 
HR (Fig. 3b) crystals at different pressure values. For 
both samples, we find a pronounced maximum in dp/dT 
at about the same temperature T^ax = 44 K in accor- 
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dance with previous results on an HR crystalSi. With 
increasing pressure, the maximum becomes reduced in 
size, rounded and shifted to higher temperatures. At 
a pressure of p = 2 kbar, the maximum has been sup- 
pressed almost completely. The sharp peak at the high- 
temperature side of the dp/dT maximum in Fig. 3 re- 
flects the glass transition. Its position is almost identical 
for both crystals with Tg = 77 K. With increasing pres- 
sure, the signature of the glass-transition becomes weaker 
while its position remains almost unaffected up to p = 
170 bar and, for the LR crystal, even up to p = 350 bar. 
The data yield an upper limit for the pressure coefflcient 
of Tg of dTt,/dp|p^o> -0.6 K/kbar. At higher pressures 
p > 1 kbar, however, no indication of the glass transition 
can be resolved any more. 




FIG. 4: Temperature derivative of out-of-plane resistiv- 
ity data, dp_L/dT, (left scale) and thermal expansion results 
(right scale) taken from reference — for two different high- 
resistance K-(BEDT-TTF)2Cu[N(CN)2]Br crystals plotted on 
the same temperature scale. The resistivity data for T < 10.5 
K have been omitted for clarity. Arrows indicate positions of 
the superconducting (Tc) and glass transition (Tg), as well as 
for the anomaly at T*. 

In Fig. 4 we compare the temperature dependence of 
the dp± /dT data of Fig. 3b with those of the coefficient 
of thermal expansion measured along the in-plane a-axis, 
ao, on a similar HR crystalSS. The figure discloses a clear 
correspondence of the features in dp/dT with the phase- 
transition-like anomalies observed in aa(T) at Tc = 12 K, 
Tg = 77 K and T* ~ 40 K^". More precisely, as indicated 
by the arrow at T* , it is the midpoint of the low-T side of 
the dp/dT maximum which coincides with the transition 
temperature T* determined from a(T). Using the mid- 
point as a measure of T* , the data in Fig. 3 can be used 
to determine the pressure dependence of T*. For pres- 
sures p < 350 bar, this criterion yields about the same 
pressure coefficient of dT*/dp|p^o = + (35 ± 7) K/kbar 
for both variants. This value slightly exceeds the pressure 



effect of about -I- 25 K/kbar reported by Frikach et ali2^ 
who followed the position of the pronounced minimum in 
the sound velocity as a function of pressure. 




FIG. 5: Low-temperature out-of-plane resistivity data for 
the low (LR)(a)- and high (IIR)(b)-resistance variant of k- 
(BEDT-TTF)2Cu[N(CN)2]Br under various pressures plotted 
as a function of T^ . Arrows mark the temperatures where the 
data deviate by more than 2% from the straight lines. 

Figure 5 shows the low-temperature inter-layer resis- 
tivity data in a p{T) vs. T^ representation. In accordance 
with published resultsSiiSiSij the normal-state resistivity 
of the HR crystal (Fig. 5b) follows a p{T) = po + AT^ 
behavior over an extended temperature range. From Fig. 
5b, we derive a coefficient A^^ = (3 ± 0.6) milcmK^^ 
and a residual resistivity p^^ = (530 ± 100) milcm. The 
error bars account for uncertainties implied in determin- 
ing the geometrical factor. A dependence is also found 
for the LR crystal (Fig. 5a) although with markedly 
smaller values for the coefficient A and the residual resis- 
tivity of A^^ = (1.6 ± 0.4) mr2cmK-2 and p^^ = (320 
± 80) mficm, respectively. In addition. Fig 5 discloses 
significantly different validity ranges for the T^ law for 
both variants. Using a 2% deviation of the straight lines 
in Fig. 5 as a measure for the upper boundary Tg of the 
T^ dependence, we find ambient-pressure values of Tq ■'^ 
= (23 ± 0.5) K and T^^ = (30 ± 0.5) K for the LR and 
HR crystal, respectively. As indicated by the arrows in 
Fig. 5, both variants reveal a strongly non-linear, and, 
for the HR crystal, even a non-monotonous, change of Tq 
with pressure. We note that the analysis of the in-plane 
data at ambient pressure of the LR crystal in Fig. lb re- 
veals a Tq ^ value which is identical to that derived from 
the out-of-plane resistivity. 
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FIG. 6: Relative change of the coefficient A, AA — A(p) 
- A(Obar), and the residual resistivity po, Apo — po{p) ~ 
po(Obar), with pressure for the low (LR) (filled squares)- and 
high-resistance (HR) (open triangles) variant of single crys- 
talline «:-(BEDT-TTF)2Cu[N(CN)2]Br. 

Figure 6 compiles the relative changes of the coefficient 
A, AA/A(p = 0) = A(0)-i[A(p) - A(0)] (left scale) and 
the residual resistivity po, ^Po/po = Po^iPoip) - Po(0)] 
(right scale) as a function of pressure. For the coefficient 
A, we find almost identical behavior for both crystals 
with a stronger reduction at small pressures and a weak 
pressure dependence at p > 1 kbar. A similar tendency 
can be inferred also for the residual resistivity although 
here the pressure effect for the HR crystal is somewhat 
smaller and there is no significant pressure dependence 
for p > 1 kbar. 

IV. DISCUSSION 

As described in the experimental section, the LR and 
HR variants of K-(ET)2Cu[N(CN)2]Br are the results of 
somewhat different preparation routes which may cause 
variations in the purity of the materials, i.e. the con- 
centration and the nature of incorporations^, and the 
structural perfection. The latter refers to the degree 
and character of structural disorder. Although detailed 
comparative structural investigations of the LR and HR 
crystals which require highest-resolution techniques have 
not been performed yet, a general characterization of the 
crystals studied here is feasible on the basis of the present 
transport measurements. 

According to the residual resistivities, derived from 
an extrapolation of the normal-state p±{T) to T = 
0, of Po = (320 ± 80) mncm (LR) and (530 ± 100) 
mJ7cm (HR), and the residual resistivity ratios RRR = 
p_L(300K)/poi of 158 (LR) and 67 (HR), the LR crys- 
tal is of distinctly superior quality. The HR crystal 
studied here, however, appears to be representative for 
most of the K-(ET)2Cu[N(CN)2]Br crystals studied so far 
which had been prepared according to the standard pro- 
cedure. These crystals yield room-temperature resistivi- 
ties p±(300K) and RRR values of 50-70 ncm and 50-65, 
respectivelj*i2iSi. 

The possibility of internal strain, which might account 
for the suppression of the anomalous resistivity maximum 



at intermediate temperatures for the LR crystal, can be 
safely discarded due to both the high Tc value and the 
very narrow 10-90 % transition width of only 0.2 K. The 
latter is a factor of 2 smaller to that which is usually 
encountered for this salt^^-^-'^ and which is found also for 
the present HR crystal. At the same time, both variants 
behave almost identical as for the glass-transition tem- 
perature Tg = 77 K, although the signature at Tg in the 
interlayer resistivity, i.e. the additional scattering contri- 
bution to p± for T < Tg, is stronger for the HR crystal. 
This might indicate a reduced fraction of frozen-in dis- 
ordered ethylene groups in the LR compared to the HR 
sample. 

The most obvious difference between the HR and LR 
crystals highlighted in figure 1 is the distinct reduc- 
tion of the p(T) maximum at intermediate tempera- 
tures. Yet a remnant of this feature, though much less 
strongly pronounced, is still present for the LR sample, 
where it gives rise to an unusual p(T) anisotropy with 
a metallic-type resistivity in the out-of-plane component 
but a semiconducting-like behavior for the in-plane resis- 
tivity. We note, however, that the resistivity anisotropy 
p±/p\\ of about 100 at room temperature, derived from 
the present experiments (cf. Fig. 1) as compared to an 
anisotropy ratio in excess of 1000 reported by Buravov 
et al.^-'^r, for an HR crystal employing an improved Mont- 
gomery method, indicates that the present p\\ data de- 
termined by using a standard four-terminal measurement 
geometry still contain a significant interlayer component 

P±- 

A strongly reduced, though finite, scattering contri- 
bution around 90 K in the LR crystal is in line with 
the observation of a significant reduction of the still ex- 
traordinarily strong pressure response of the resistivity 
at intermediate temperatures compared to that of the 
HR crystal. In fact, sample-to-sample variations in this 
scattering contribution, though substantially reduced in 
size, may also be found for crystals prepared along the 
same alternative route that led to the present LR crystal. 
Here we mention the sample studied in reference — and 
two further crystals of this salt explored in the course of 
the present investigation. These samples revealed a clear 
correlation between the residual resistivity ratio and the 
size of the resistivity around 90 K: upon increasing the 
RRR ratio from 84 over 89 to 158, p_l(90 K) continuously 
decreases. For the crystal studied in reference"*^ yielding 
RRR = 193, p±{T) is almost identical to that found for 
the present LR crystal. 

The above observation that the anomalous scattering 
contribution centered around 90 K differs strongly de- 
pending on the preparation conditions and becoming re- 
duced in size upon increasing the sample quality, indi- 
cates that it is extrinsic in nature. Moreover, these re- 
sults demonstrate that disorder or defects may induce 
drastic changes in the temperature-dependent part of 
the resistivity, i.e. the inelastic-scattering contributions. 
Such a behavior is highly unusual and at variance with 
what is known from ordinary metals, where the scatter- 
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ing due to disorder or impurities manifests itself in an in- 
crease of the residual resistivity only. This raises the fun- 
damental question on how and to what extent disorder- 
or defect-induced potentials may affect the inelastic scat- 
tering of TT electrons in the present molecular conductors. 

Apart from these differences related to the anomalous 
resistivity contribution around 90 K, both variants be- 
have identically as to the drastic change in their resis- 
tivity at T = T* ~ 40 K from a range characterized 
by a strongly T-dependent p(T) at T > T* into a low- 
temperature regime, where p(T) varies only weakly with 
temperature. It was found that the anomaly in dp/dT co- 
incides with the phase-transition-like feature observed in 
the coefficient of thermal expansion Q!(T). Such a direct 
correspondence of anomalies in transport and thermody- 
namic quantities is not expected for a crossover behavior 
between two different regimes, which usually involves a 
scaling factor to map the characteristic temperatures Tp 
and Ta ■ As an example, we mention the signatures of the 
Kondo effect in p(T) and a(T) in heavy fermion com- 
pounds, see, e.g.^^. Rather the coincidence of distinct 
anomalies in dp/dT and a(T) indicates that this feature 
marks a cooperative phenomenon. 

Anomalous behavior around T* has been also iden- 
tified in various thermal£iSa*2iiS^, magnet io2L22ia2*^, 
elastioSS, and optical properties^. Various explanations 
have been proposed as to the nature of the T* anomaly, 
including the formation of a pseudo-gap in the density 
of states^LSSiSiS, a crossover from a coherent Fermi 
liquid at low temperatures into a regime with incoher- 
ent excitations at high temperatures^ii^, a density-wave- 
type instabilitjiSSiSSiS, as well as an incipient divergence 
of the electronic compressibility caused by the proxim- 
ity to a Mott transition^. The present resistivity re- 
sults, which for the HR crystal confirm published data^-'^, 
clearly demonstrate that the position of the T* anomaly 
is unaffected by the strength of the additional scatter- 
ing contribution giving rise to the resistivity hump at 
intermediate temperatures, and thus marks an indepen- 
dent feature. In addition, the sharpness of the anomaly 
in dp/dT and its direct mapping with the jump in the 
coefficient of thermal expansion makes it very unlikely 
that T* merely reflects a crossover between two different 
transport regimes — an assumption which underlies some 
of the above theoretical models. Rather it indicates that 
T* reflects a phase transition into a symmetry broken 
low-temperature state. 

Turning now to the p = po + AT^ behavior for T 
< To <T*, our study reveals a relative change with pres- 
sure of the coefficient A which is quite similar for the 
LR and HR crystals. This indicates that it is the same 
scattering mechanism which governs the low-temperature 
p(T) behavior for both systems. However, the size of A 
is substantially reduced for the LR crystal reflecting a 
weakening of this scattering contribution for the higher- 
quality LR crystal. 

There has been a long-standing debate on the nature 
of the T^ behavior in the resistivity of molecular conduc- 



tors. In fact, a /9 oc T^ dependence over an extended tem- 
perature range is not a peculiarity of the K-phase (ET)2X 
salts alone. It has been observed also for various other 
materials such as the (TMTSF)2PF6 and the ^-(ET)2X 
salts, see, e.gMt^^^. 

The explanations proposed for the T^ behavior in these 
materials include electron-phonon"^^ as well as electron- 
electron interactions of the strongly correlated 7r-electron 
systenAi^i^. In fact, such a T^ dependence at low tem- 
peratures is characteristic of metals in which the domi- 
nant scattering mechanism is provided by the electron- 
electron interactions. Since there the coefficient A oc 
(to*)^ cx (Tp)"'^, with m* the effective carrier mass 
and T|^ the effective Fermi temperature, the coefficient 
A scales with the square of the Sommerfeld coefficient 
7 oc m* oc {Tp)^^ of the electronic specific heat Cei = 
7T. Such an A/7^ = const, behavior within a given mate- 
rial class has been verified for different systems including 
heavy- fermion compounds and transition metals'^*'''^. 

The above scaling implies that upon variation of a con- 
trol parameter x of the system, such as chemical compo- 
sition or external pressure, the product A(x)-(T^(a;))^ 
should stay constant. By identifying the temperature 
To, i.e., the upper limit of the T^ range in the resis- 
tivity, with the effective Fermi energy T*p, Limelette 
et al. have verified this invariance for pressurized k- 
(ET)2Cu[N(CN)2]Cl4. 

The results of the present studies, however, render such 
an interpretation unlikely. Given that the T^ dependence 
is of electronic origin, i.e. A oc (Tp)^^ and To — Tp, the 
A coefficient for the LR variant, which is reduced by a 
factor of about 1.9 compared to that of the HR crystal, 
would then indicate an effective Fermi temperature T^ 
which is larger by a factor of (1.9)^/^ ~ 1.4. This is in 
contrast to the experimental observation yielding a Tq ^ 
which is even reduced by a factor of about 1.3 compared 
to that for the HR crystal. Rather, our experimental 
finding that both Tq and A are strongly sample depen- 
dent while the other characteristic temperatures associ- 
ated with the electronic properties such as T* and Tc 
are not, indicate that the nature of the T^ dependence is 
different from coherent Fermi-liquid excitations^^. 



V. SUMMARY 

Resistivity measurements under hydrostatic pressure 
on a low-resistance variant of the organic supercon- 
ductor K-(BEDT-TTF)2Cu[N(CN)2]Br have been per- 
formed and compared to the results on a standard high- 
resistance crystal. The lower residual resistivity po Sind 
the higher residual resistivity ratio p{3QQK)/po for the 
low-resistance crystal clearly indicate its superior qual- 
ity. These measurements reveal that a significant part of 
the scattering contribution which gives rise to the anoma- 
lous resistivity maximum around 90 K in standard high- 
resistance materials is extrinsic in nature. Apart from 
this sample-dependent scattering contribution, however. 
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both variants behave identically as to the abrupt change 
in p(T) at T* ~ 40 K. The coincidence of this tempera- 
ture with the phase-transition anomaly in the coefficient 
of thermal expansion makes it unlikely that T* marks 
a crossover between two different transport regimes but 
rather indicates a second-order phase transition. For 
temperatures T< Tq <T* the data for both crystals were 
found to follow a p{T) oc AT^. Most importantly, how- 
ever, our analysis reveals strikingly different coefficients 
A and ranges of validity measured by Tq for both vari- 
ants. In view of the fact that other characteristic temper- 
atures associated with the 7r-elcctron system such as Tc 
and T* are sample independent, this strong variation in 
A and To indicates an origin for the T^ dependence differ- 
ent from coherent Fermi-liquid excitations. The present 
results demonstrate that for these molecular materials, 
sample dependent, i.e. extrinsic factors such as disorder 
or defect concentration, does not only change the elastic 
scattering contribution measured by the residual resis- 
tivity. Rather, the defect potentials may also strongly 
affect the temperature-dependent part of the resistivity, 



i.e. the inelastic scattering, indicating that Matthiesscn's 
rule is no longer applicable to these materials. Conse- 
quently, the charge transport for available sample ma- 
terials might considerably be affected by such extrinsic 
contributions. Detailed structural investigations on high- 
and low-resistance material are in progress to hopefully 
identify the nature of the above scattering centers. This 
will help to control better the synthesis conditions and 
to eventually provide materials of sufficiently high quality 
which make it possible to access the intrinsic transport 
properties of these materials. 
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